AIM: α-Lipoic acid (ALA) has been used as an antioxidant. The aim of this study was to investigate the effect of α-lipoic acid on cholecystokinin (CCK)-octapeptide induced acute pancreatitis in rats.
INTRODUCTION INTRODUCTION INTRODUCTION INTRODUCTION INTRODUCTION
Acute pancreatitis (AP) is a clinical entity that is believed to have intracellular activation of digestive enzymes and autodigestion of the pancreas as its central patho-physiologic cause. This non-infectious destruction of pancreatic parenchyma quickly induces an inflammatory reaction at the site of injury. AP usually occurs as a result of alcohol abuse. Histologically, acute pancreatitis is characterized by interstitial edema, vacuolization, inflammation and acinar cell necrosis [1, 2] . The diagnosis of acute pancreatitis is usually based on pancreatic edema index (pancreatic weight/ body weight), pancreatic serum enzymes (e.g. pancreatic amylase, lipase, immunoreactive trypsin or elastase) at animal models [3, 4] . Cytokines are important immunoregulatory mediators. Their contribution to the pathogenesis of acute and chronic gastroenterological disorders is obvious. Increased expression of interleukin-1 (IL-1), interleukin-6 (IL-6), tumor necrosis factor (TNF)-α can be detected in AP. These cytokines are involved in the pathogenesis of pancreatitis-associated multiple organ dysfunction.
Among the neurohormonal regulators, Cholecystokinin (CCK) is well known gastrointestinal hormone and neural agonist for inducing the release of pancreatic digestive enzymes. At supra-maximal doses (dose greater than those that cause maximal secretion of digestion enzyme by the pancreatic acinar cell) CCK are able to cause the pancreatic responses [5, 6] . Oxidative stress has been shown to be involved in the pathophysiology of AP [7, 8] . α-Lipoic acid (ALA) is a thiol antioxidant compound with demonstrated direct free-radical scavenging properties [9, 10] . However, the effects of ALA on AP have not yet been investigated. Therefore, in this study, we investigated whether ALA can ameliorate the severity of AP using CCK-octapeptide induced AP system.
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Animals
Male Wistar rats weighing 240-260 g were used. The animals were kept at a constant room temperature of 25 with a 12 h light-dark cycle, and allowed free access to water and standard laboratory chow. The rats were fasted for 16 h before the induction of AP. In each experimental group five rats were used.
Reagents
Avidin-peroxidase and 2'-AZINO-bis (3-ethylbenzithiazoline 6-sulfonic acid) tablet substrate were purchased from Sigma (St. Louis, MO, USA). Anti-rat TNF-α, IL-1β and IL-6 antibodies was purchased from R&D Systems (Minneapolis, MN, USA).
CCK-induced acute pancreatitis
ALA at 1 mg/kg was intraperitoneally injected, followed by CCK injected subcutaneously at 75 µg/kg thrice after 1, 3, and 5 h. This whole procedure was repeated for 5 d (n = 5).
Other rodents (n = 5) received saline as control. The animals were killed by exanguinations through the abdominal aorta 12 h, after the last CCK injection. The pancrease was quickly removed, cleaned from fat and lymph nodes, weighed, and frozen at -70 until use. Rats were treated in accordance with the current law and NIH Guide for Care and Use of Laboratory Animals.
Pancreatic weight/body weight ratio
This ratio (pancreatic weight g/body weight g ×1 000) was utilized to evaluate the degree of pancreatic edema.
Enzyme-linked immunosorbent assay (ELISA)
ELISA for IL-6 and TNF-α was carried out in duplicate in 96-well plates (Nunc, Denmark) coated with each of 100 µL aliquots of anti-rat IL-6, IL-1β and TNF-α mAb at 1.0 µg/mL in PBS at pH 7.4 and was incubated overnight at 4 . The plates were washed in PBS containing 0.05% Tween-20 (Sigma, St. Louis, MO, USA) and blocked with PBS containing 1% BSA, 5% sucrose and 0.05% NaN 3 for 1 h. After additional washes, standards were added and incubated at 37 for 2 h. After 2 h incubation at 37 , the wells were washed and then each of 0.2 µg/mL of biotinylated anti-rat IL-6, IL-1β, and TNF-α were added and again incubated at 37 for 2 h. After the wells were washed, avidin-peroxidase was added and plates were incubated for 20 min at 37 . Wells were again washed and ABTS substrate was added. Color development was measured at 405 nm using an automated microplate ELISA reader. A standard curve was run on each assay plate using recombinant IL-6, IL-1β and TNF-α in serial dilutions.
Measures of serum amylase and lipase
Serum amylase was measured by using an ADIVA 1650 (BAYER, USA). Serum lipase was measured by using a Cobas-mira (Roche, USA).
Statistical analysis
Results are expressed as mean±SE. The significance of changes was evaluated using Students's t-test. Differences between the experimental groups were evaluated by using analysis of variance. Values of P<0.05 were accepted as significant.
RESUL RESUL RESUL RESUL RESULTS TS TS TS TS Effect of ALA on pancreatic weight/body weight ratio
To assess the effect of ALA on the pancreatic weight/body weight ratio, pancreatic weight was divided by the body weight of the rats. As shown in Figure 1 , in ALA treated group, pancreatic weight/body weight ratio (3.676±0.63) was significantly decreased compared to the DMSO treated group (6.46±0.66, P<0.05, Figure 1) .
Effect of ALA on IL-6, IL-1β β β β β, and TNF-α α α α α secretion in CCKinduced AP Secretion of pro-inflammatory cytokines to serum were increased during CCK-induced AP. Then, we investigated whether ALA reduces the serum levels of pro-inflammatory cytokines such as TNF-α, IL-1β, and IL-6. ALA pre-treatment did not change the level of IL-1β, IL-6 and TNF-α production during CCK-induced AP (Table 1) . Effect of ALA on serum amylase and lipase activity in CCKinduced AP The levels of serum amylase and lipase are commonly used as a marker of AP. Pre-treatment of ALA significantly decreased the serum amylase and lipase activity CCKinduced AP (Figure 2 ). weight ratio and serum amylase and lipase were not correlated with the level of cytokines in the rat model. Many previous reports have suggested that ROS may play an important role in the initiation and development of pancreatitis [11, 12] . Anti-oxidant, N-acetyl cysteine (NAC) reduced the severity of AP [13, 14] . ALA is also a potent antioxidant and has anti-inflammatory effect [9, 10] . Therefore, in this study, we investigated the effects of ALA on CCKinduced AP. ALA decreased pancreatic weight/body weight ratio in CCK-induced AP. The levels of amylase and lipase usually rise after the onset of symptoms of acute pancreatitis. Compared with serum amylase, serum lipase rises slightly later and remains elevated longer [15] . We found ALA decreased serum level of amylase, lipase in CCK-induced AP (Figure 2) . Furthermore, we also examined several kinds of cytokines. IL-1β, IL-6, and TNF-α levels are not attenuated by ALA after CCK treatment (Table 1 ). Recent study suggest that COX (Cyclooxygenase)-2 inhibition by selective inhibitor (SC-58125), induced alteration of serum amylase and lipase level but not IL-6 and IL-1 production on Caerulein (CAE) induced AP [16] . In the previous report, ALA markedly inhibited radiation or H 2 O 2 -induced COX-2 upregulation [17] . On the basis of this report, ALA maybe ameliorates AP via COX-2 inhibition. However, it is needed to investigate its mechanism whether inhibition of COX-2 is involve in the ALA-mediated decrease of AP. Despite of previous studies which link between IL-6 levels and increased severity of AP, recent studies suggest that IL-6 may have an antiinflammatory role during pancreatitis [18] . IL-6 KO mice exhibited a more severe pancreatitis after CAE injections than wild type mice [18] . Our results indicate that pro-inflammatory cytokine levels are elevated in mice treated with or without ALA despite attenuated pancreatitis. This finding suggests that the stimulus for pro-inflammatory cytokines secretion remains intact; however, it is still unclear whether pro-inflammatory cytokines are mechanistically linked to the amelioration of pancreatitis.
In conclusion, this study showed that ALA pr-treatment ameliorated the severity of CCK induced pancreatitis in rats.
